The productivity and profitability of sorghum [Sorghum bicolor (L.) Moench] is reduced by susceptibility to fungal diseases, such as anthracnose, caused by Colletotrichum sublineolum. The identification of anthracnose resistance loci from different sorghum accessions is imperative to develop new varieties with broader resistant response and to increase its durability. We evaluated the anthracnose resistant response of 335 accessions from a sorghum association panel (SAP) (Cuevas et al. 2018, Plant Genome) , 300 exotic sorghum accessions from NPGS Ethiopian germplasm collection, and two sets of recombinant inbred lines derived from anthracnose-resistant sources SC112-14 (Ethiopia) and QL3 (India). In parallel, two novel QTL associated with the resistant response in sorghum line Bk7 (chromosomes 7 and 9; Felderhoff et al. 2016,G3) are now being analyzed in more detail to identify the underlying resistance genes.
The evaluation of SAP identified 75 accessions resistant to anthracnose (Cuevas et al., 2018, Plant Genome) . A phylogenetic analysis of these accessions showed high genetic diversity and multiple resistance sources. Genome-wide association scans (GWAS) using 268,289 singlenucleotide polymorphisms (SNPs; Morris et al. 2013 ) and logistic regressions for binary measures of resistance responses identified three loci within a region on chromosome 5 that have been previously associated with three sources of anthracnose resistance. Candidate genes within these loci were related to R-gene families, signaling cascades and transcriptional reprogramming, suggesting that the resistance response is controlled by multiple defense mechanisms. The strategic integration of exotic resistant germplasm into the SAP is needed to identify additional rare resistance alleles via GWAS.
The evaluation of 297 exotic sorghum accessions from NPGS Ethiopian germplasm collection identified 143 resistant accessions. Genetic characterization of this germplasm (Cuevas et al. 2017 ; BMC Genomics) and its anthracnose resistant response were merged with phenotypic and genetic characterization of the SAP (Morris et al. 2013 ) for a large GWAS comprising 592 accessions and 219,037 SNPs. Logistic regressions for binary measures of resistance responses identified the previously associated locus on chromosome 5 and an additional locus on chromosome 3, while mixed linear model using quantitative resistant response identified a locus on chromosome 9. Candidate genes within loci on chromosome 5 and 3 include a resistance gene belonging to a family of genes encoding F-box proteins, while a candidate resistance gene on chromosome 9 is a gene with leucine-rich repeat and NACHT domain (i.e. R-gene family). Resistant alleles for loci on chromosomes 3 and 9 are present in the SAP at low frequency, thus, the integration of NPGS Ethiopian germplasm increased its frequency and power of detection.
Two sets of recombinant inbred lines (RILs) derived from the anthracnose-resistant sources SC112-14 (Ethiopia) and QL3 (India) were evaluated for anthracnose resistant response in Puerto Rico, Florida, Georgia and Texas for two consecutive years to identify broad resistance against multiple isolates of the pathogen. In parallel, a subset of RILs were evaluated in the greenhouse against eight anthracnose pathotypes to identify particular resistance loci. Composite interval mapping using two high-density genetic maps constructed using genotyping by sequencing revealed that the resistance in QL3 is controlled by multiple loci, while the resistance in SC112-14 is controlled by a single locus on chromosome 5. Segregation analysis of 1,500 individuals derived from SC112-14 delimited this locus to a 22 kb region and confirmed one of the GWAS loci on chromosome 5. Greenhouse evaluation validated this locus for the eight pathotypes. In contrast, greenhouse evaluation for QL3 identified two loci for four pathotypes that were not detected based on field evaluations.
Visual observation of the resistant line Bk7 and the susceptible line Early Hegari Sart in response to infection with C. sublineolum shows that rates of germination and appressorium formation were reduced in Bk7, and that this line also produces more dexoyanthocyanidins, visible as orange pigments. Mycelial growth is being monitored with a transgenic strain of C. sublineolum expressing the green fluorescent protein. We also determined that the resistant locus on chromosome 9 present in Bk7 included 12 candidate genes that were validated to be expressed in leaves. Each of the12 candidate genes from Bk7 is now being targeted for down-regulation using virus-induced gene silencing (VIGS) with a modified brome mosaic virus. Down-regulation of the gene(s) responsible for the anthracnose resistance is expected to result in successful infection by the pathogen. The locus on chromosome 7 contains too many candidate genes for VIGS, and expression profiling is being pursued to identify differentially expressed genes as candidates.
